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Abstract
OBJECTIVE—Patients with serious mental illnesses exhibit a reduced lifespan compared with 
the general population, a finding that can not solely rely on high suicide risk, low access to 
medical care and unhealthy lifestyle. The main causes of death are medical related pathologies 
such as type 2 diabetes mellitus and cardiovascular disease; however pharmacological treatment 
might play a role.
MATERIAL AND METHODS—We compared a two hour glucose load in naïve patients at the 
onset of a serious mental illness (N=102) (84 patients with a first episode of schizophrenia and 
related disorders, 6 with a first episode of bipolar I disorder and 12 with a first episode of major 
depression disorder) with another psychiatric diagnose, adjustment disorder (N=17) and matched 
controls (N=98).
RESULTS—Young patients with serious mental illness showed an increased two hour glucose 
load compared with adjustment disorder and the control group. Mean two hour glucose values 
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[±Standard Deviation] were: for schizophrenia and related disorders 106.51 mg/dL [±32.0], for 
bipolar disorder 118.33 mg/dL [±34.3], for major depressive disorder 107.42 mg/dL [±34.5], for 
adjustment disorder 79.06 mg/dL[±24.4] and for the control group 82.11 mg/dL [±23.3] 
(p<0.001).
CONCLUSIONS—Our results reflect an abnormal metabolic pathway at the onset of the disease 
before any pharmacological treatment or other confounding factors might have taken place. Our 
results suggest a similar glycemic pathway in serious mental illnesses and the subsequent need of 
primary and secondary prevention strategies.
Keywords
Schizophrenia; Major Depressive Disorder; Bipolar Disorder; Type 2 Diabetes Mellitus; Mortality; 
Thrifty psychiatric phenotype
1. INTRODUCTION
Patients diagnosed with a serious mental illness (SMI) exhibit a reduced life expectancy 
compared with the general population (Druss et al., 2011). An increased suicide risk 
(Gomez-Duran et al., 2014), unhealthy lifestyle (Brown et al., 1999), low access to medical 
care or poor health care (Folsom et al., 2005) contribute to the excess risk. However the 
leading cause of morbidity and subsequent mortality is medical related pathologies 
(Nordentoft et al., 2013).
Most studies focus on a specific diagnosis of SMI (Laursen et al., 2013), while only few 
compare results taking SMI as a group (Druss et al., 2011; Laursen et al., 2007; Nordentoft 
et al., 2013). In those studies, patients with a diagnosis of schizophrenia had higher mortality 
risk ratios from natural causes (cancer, endocrine or cardiovascular diseases) than patients 
diagnosed with affective disorders (which suffered from higher risk ratios of unnatural 
deaths, such as suicide). Recent studies in North American cohorts reveal a pattern of 
increased disability and costs (Eaton et al., 2008) and reduced life expectancy (Druss et al., 
2011) not only in SMI but also in the general mental health population.
Among the diverse associated pathologies increased in SMI, type 2 diabetes mellitus 
(T2DM) has historically been a subject of interest. Studies in the pre-antipsychotic era 
described an altered glycemic homeostasis in mental health patients (McIntyre et al., 2005). 
Research dates back as far as 1674, when the British physician Thomas Willis discovered 
(by tasting) that glycosuria was a sign of diabetes and proposed that this disease was caused 
by “sadness or long sorrow and other depressions”(Willis, 1971). In 1880, the British 
psychiatrist Henry Maudsley wrote that “diabetes is a disease that often shows itself in 
families where insanity prevails” (Maudsley, 1880). In his seminal study in 1919, Kooy 
evaluated psychiatric patients after regular meals, and using plasma glucose levels was able 
to detect hyperglycemia in melancholia and catatonia.
Pharmacological treatment confounded subsequent studies, as many psychotropic drugs alter 
biochemical parameters (Charatan and Bartlett, 1955) and increase weight (Allison and 
Casey, 2001), leading to a high prevalence of metabolic abnormalities (abdominal obesity, 
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blood pressure, lipid and glucose metabolism alterations). Later epidemiological studies 
reflected a high prevalence of T2DM in schizophrenia (Mitchell et al., 2013), bipolar 
disorder (Calkin et al., 2013) or major depressive disorder (Roy and Lloyd, 2012) although 
those results might have been confounded by treatment. However, research in treatment-
naïve patients found metabolic abnormalities at the onset of mental disorder, in non-affective 
psychosis (Fernandez-Egea et al., 2009a; Ryan et al., 2003; Saddichha et al., 2008; Spelman 
et al., 2007) as well as bipolar (Garcia-Rizo et al., 2014b) or major depression disorder 
(Garcia-Rizo et al., 2013).
Besides these three major psychiatric illnesses, several other psychiatric diagnoses have been 
associated with medical pathologies and glycemic abnormalities. Anxiety disorders have 
received some attention although results have been contradictory (Herva et al., 2006; 
Hildrum et al., 2009). In a meta-analysis published in 2013 based on 6 studies, post 
traumatic stress disorder was associated with an increased prevalence of coronary heart 
disease and cardiovascular mortality (Edmondson et al., 2013). Nevertheless it is important 
to note that the age of those patients ranged from 36 to 52 years old and so the natural 
process of ageing might have increased the risk of developing T2DM. Another study 
reported an association between post traumatic stress disorder and patients who sought help 
for T2DM (Miller-Archie et al., 2014) even after co-varying by potential confounding 
factors, such as age and body mass index (BMI). However, in these groups as well, 
antidepressant or antipsychotic treatments might have confounded these associations. 
Another potentially confounding factor is stress, which is associated with increased 
inflammatory and cortisol responses (Carvalho et al., 2015). These are risk factors for 
glucose intolerance (Kempf et al., 2008).
In the current study, we tested the hypothesis that abnormal glycemic homeostasis is 
associated with serious mental illness prior to psychopharmacological treatment compared 
with controls. We also examined adjustment disorder, defined as the development of 
emotional or behavioral symptoms in response to an identifiable stressor(s) occurring within 
3 months of the onset of the stressor(s). Examination of this disorder allowed us to consider 
the stress response as a confounding factor.
2. MATERIAL AND METHODS
2.1. Participants
Patients with a first episode of non-affective psychosis, major depressive disorder or 
adjustment disorder were recruited at the time of their first lifetime contact with psychiatric 
services in a general academic hospital (Hospital Clinic of Barcelona). The catchment area 
for the hospital, Example Esquerre, is a relatively homogeneous middle/upper middle class 
neighborhood in the center of Barcelona. The psychosis group had a maximum cumulative 
(lifetime) antipsychotic exposure of 1 week, and no antipsychotic use in the 30 days prior to 
the study. The major depression and adjustment disorder subjects were enrolled if they had 
never previously received antidepressant, antipsychotic or mood stabilizing pharmacological 
treatment. Patients were allowed to receive anti-anxiety medication (lorazepam) the night 
before blood was drawn, to a maximum of 3 mg, but not on the day of the blood sampling 
and the oral glucose tolerance test (oGTT). Healthy control subjects were recruited using 
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advertisements. All subjects come from a larger study of diabetes in neuropsychiatric 
disorders (Fernandez-Egea et al., 2009b) where additional inclusion and exclusion criteria 
are reported.
Two-hour glucose data has previously been published on 64 patients with psychosis 
(Kirkpatrick et al., 2012) so 20 additional subjects are now presented. We have published 
data on 15 patients with depression (Garcia-Rizo et al., 2013), and because of matching, now 
present data from 12 of those patients. We have previously published a statement of the 
percentage of 7 patients with bipolar disorder had impaired glucose tolerance (Garcia-Rizo 
et al., 2014); here we present two hour glucose values instead. We have not published data 
on adjustment disorder, so all of those patients are new to publication. As for control 
subjects 84 were described previously (Kirkpatrick et al., 2012).
All participants gave informed consent for participation in the study, which was conducted 
under the supervision of the institutional review boards of the authors’ institutions and 
conducted in accordance with the Declaration of Helsinki. Seven patients in the non-
affective psychosis group ended subsequently received a diagnosis of type I bipolar disorder, 
consistent with results in the literature (Salvatore et al., 2009), and were considered 
separately.
2.2 Metabolic and psychiatric assessments
All participants underwent an oGTT which began between 08.00 and 09.00 after an 
overnight fast. Participants had a fasting blood sample drawn, then were given a 75mg 
glucose solution. They rested for 120 minutes at which point a second blood sample was 
obtained for measurement of glucose, the two hour glucose load value (2HG). All 
participants were assessed with the structured clinical interview for Axis I DSM–IV 
psychiatric disorders (SCID–I; First and Spitzer, 1999).
The concept of SMI is by definition related with psychotic symptomatology (bipolar 
disorder, schizoaffective disorder or schizophrenia). However the chronicity and the 
disability related with major depression disorder, besides the specific characteristics 
associated with ageing or mortality; allow us to include the diagnosis in between SMI. 
Sometimes the definition is mixed in research articles so we do include the current 
paragraph to highlight the concept and the reasons for the inclusion. The US Department of 
Health and Human Sciences definition of SMI, “a long lasting and severe condition that 
seriously interferes with a person's ability to take part in major life activities”, supports our 
concept.
Initially two hundred thirty three patients were included in the study. Eighty-eight had a 
diagnosis of first episode of non affective psychosis, seven of type I bipolar disorder, fifteen 
of major depressive disorder, nineteen of adjustment disorder, and one hundred four were 
healthy subjects.
In order to be able to match the samples and to focus on the typical ages of onset of 
psychosis and bipolar disorder, only patients aged between 18 and 40 years were included in 
our primary analysis. This sample (N=217) consisted 84 with a diagnosis of non-affective 
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psychosis, 6 with I bipolar disorder, 12 with major depressive disorder, 17 with adjustment 
disorder, and 98 matched control subjects. The non-affective psychosis group included 49 
patients with paranoid schizophrenia, 1 with disorganized schizophrenia, 1 with catatonic 
schizophrenia, 5 with undifferentiated schizophrenia, 11 patients with brief psychotic 
disorder, 10 with schizophreniform disorder, 6 with psychotic disorder not otherwise 
specified and 1 with schizoaffective disorder.
2.3 Statistical Analysis
The matched groups by age, gender and BMI were compared using ANOVA test, or the chi-
square test for comparisons of proportions. Significance was defined as p<0.05 for all 
statistical tests, and these were performed using SPSS version 19.0 for Windows.
Two general linear model (GLM) analyses were performed. In the first, all the 233 subjects 
were included. In the second, 215 subjects were included (2 of the 217 subjects in the 
matched group were missing the BMI value): 82 patients diagnosed with first episode 
psychosis, 6 patients diagnosed with bipolar disorder, 12 patients diagnosed with major 
depression, 17 patients diagnosed with adjustment disorder and 98 controls. In both analyses 
the dependent variable was 2 hour glucose value; diagnosis and gender were fixed factors, 
while age and BMI were covariates.
3. RESULTS
Patients and controls were similar regarding the matched variables, age, gender and BMI. 
Mean fasting glucose and fasting insulin values are also displayed (TABLE). Values are 
presented as mean with standard deviation [±].
Mean two hour glucose load (2HG) was 106.51 mg/dL[±32.0] for psychosis, 118.33 mg/
dL[±34.3] for bipolar disorder, 107.42 mg/dL[±34.5] for major depression disorder, 79.06 
mg/dL[±24.4] for adjustment disorder, and 82.11 mg/dL[±23.3] for healthy controls 
(p<0.001) (FIGURE).
Bonferroni post-hoc comparisons were performed for 2HG between controls and psychosis 
subjects (p<0.001), controls and depressive subjects (p=0.035), and controls and bipolar 
(p=0.024); there was no significant difference found between controls and adjustment 
disorder patients (p>0.999).
Mean two hour insulin values were only available for some subjects in the psychosis group: 
(N=34) 34.76 mU/L [±28.8] and in the control group: (N=45) 22.28 mU/L [±20.3] 
(p=0.028). Values were log-transformed due to non-normal distribution.
In the initial GLM analysis with all 233 subjects there were significant relationships for age 
(p<0.001), BMI (p=0.047) and diagnosis (p<0.001) but not for gender (p=0.803).
The same analysis (GLM) in the homogenized sample (ages between 18 and 40 years; 
N=215) was performed. Significant association was found for diagnosis (p<0.001) while age 
(p=0.059), BMI (p=0.083) and gender (p=0.585) did not reflect statistically significant 
differences.
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Our results confirm an increase 2HG value in patients diagnosed with SMI, non-affective 
psychosis, bipolar I disorder, and major depressive disorder, compared to both adjustment 
disorder and matched controls. Although glucose levels in major depressive disorder and 
bipolar disorder were higher than in psychosis subjects, the number of patients in those 
affective groups was relatively small and that might have reflected a non-significant 
difference. Two hour insulin values were only presented in psychosis and controls subjects. 
They do reflect an increased insulin production in order to balance glucose levels, a finding 
consistent with insulin resistance.
Our results highlight the inherent risk of patients with SMI for developing glycemic 
abnormalities and the subsequent increase in the risk of future medical co-morbidities such 
as T2DM and cardiovascular disease.
Increased 2HG levels in first episode patients with non-affective psychosis, bipolar disorder 
and major depressive disorder have been separately described (Fernandez-Egea et al., 2009b; 
Garcia-Rizo et al., 2014b, 2012). However, the normal values found in adjustment disorder 
patients are contradictory with what expected from studies in post traumatic stress disorder. 
An important issue that complicates interpretation of our results is that adjustment disorder 
is by definition not a chronic problem, while these other disorders typically are.
The increased 2HG value in SMI compared with controls and adjustment disorder patients 
has diverse important implications for mental health providers and policy makers, as it raises 
the urgent need for developing prevention strategies at the early stages of the disease. A 
2HG value between 140 and 200 mg/dl, impaired glucose tolerance, is a predictor of T2DM, 
suggesting a pre-diabetic state. An increased albeit normal 2HG is associated with peripheral 
insulin resistance and impaired early and late phase insulin response (Meyer et al., 2006). 
Indeed 2HG is an excellent predictor of coronary heart diseases and ischemic stroke both in 
already hyperglycemic and normo-glycemic fasting subjects (Ning et al., 2012). Also 2HG 
has been associated with atherosclerosis through an increased carotid intima-media 
thickness (Kato et al., 2014). As we have previously stated, SMI is associated with increased 
morbidity and mortality, mainly due to cardiovascular related pathologies (Laursen et al., 
2007).
The idea of a continuum in major psychiatric diagnosis has been studied from a clinical 
(Leigh, 2009) and an immunological point of view (Altamura et al., 2013). Several of those 
ideas rely on the allostatic load (AL) concept. Briefly, allostasis refers to the adaptive 
processes to stress that lead to the activation of diverse biological systems through the body 
to maintain equilibrium and cope with challenges. AL relates to the situation where under 
repeated or chronic stress, the physiological homeostasis systems through the entire body 
become unbalanced and prone to developing diverse diseases. The concept of AL has been 
examined in bipolar disorder (Grande et al., 2012), major depressive disorder (Wilkinson 
and Goodyer, 2011) and schizophrenia (Nugent et al., 2015).
Another concept widely used with regard to morbidity and mortality in SMI is the 
accelerated ageing concept. It represents a syndrome in which diverse pathologies appear in 
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a similar pattern as in the regular population however at early stages of life, conducting to an 
increased morbidity and early mortality. The concept has been applied to schizophrenia 
(Kirkpatrick et al., 2008), bipolar disorder (Rizzo et al., 2014) and major depressive disorder 
(Wolkowitz et al., 2011) suggesting an early life programming pathway; the developmental 
origins of health and disease model (Gluckman and Hanson, 2006).
This early programming pathway has been already presented in major psychiatric illnesses 
(Garcia-Rizo et al., 2014a). Briefly, naïve patients with SMI might represent, from a 
metabolic point of view, a selection bias of an already described human adaptive 
physiological pathway, the early programming. As described in literature, patients with SMI 
exhibit an increased prevalence of obstetric complications (Brown et al., 1995) and stressful 
events during childhood and early adulthood (Harley et al., 2010) that might increase the 
risk of mental health diseases, while conferring an increased risk of developing diverse other 
pathologies, mainly type 2 diabetes and cardiovascular diseases (Reynolds et al., 2013). This 
seminal concept, the thrifty phenotype hypothesis (Hales and Barker, 1992), was initially 
referred to prenatal events, although further research highlighted the importance of 
childhood and early adulthood events (Gluckman and Hanson, 2006).
Our results have been foretold by animal models of early life stress (Ko and Liu, 2015; 
Pacheco-Lopez et al., 2011) reflecting the importance of early life stress, not only prenatal 
but also postnatal in the dual development of mental disability with coronary heart diseases 
and T2DM (Gluckman et al., 2008). Patients with SMI are medically evaluated due to their 
psychiatric condition and only after a metabolic challenge, an oral glucose tolerance test 
[because fasting glucose levels are normal at the onset (Fernandez-Egea et al., 2009b; 
Garcia-Rizo et al., 2014b, 2012)], an abnormal glycemic state shows up (Fernandez-Egea et 
al., 2013), in a subset of the population too young to be affected by regular psychiatric 
lifestyle factors (Kirkpatrick et al., 2012).
Our results cannot inform us of the cause of the co-morbidity between glucose intolerance 
and neuropsychiatric disorders. It appears unlikely that diabetes induces mental illness, but 
the possibility that the glucose abnormalities result from mental disorders through 
hypercortisolemia, which leads to abnormal glucose tolerance, cannot be ruled out. One 
study (Ryan et al., 2003) found increased cortisol concentration in naïve patients with 
psychosis who had, as a group, increased fasting glucose.
However, other evidence suggests that the neuropsychiatric symptoms and the glucose 
tolerance are both caused by a third factor, either shared familial factors (Fernandez-Egea et 
al., 2008) or problems during gestation, such prenatal malnutrition (Susser and St Clair, 
2013) or other causes of low birth weight, which is common to both T2DM (Whincup et al., 
2008) and mental health disorders (Boyle et al., 2011).
Several limitations arise from our study. First the bipolar diagnosis, as stated previously is 
done retrospectively, as around 20% of first episode psychosis patients are later on 
diagnosed with affective psychosis. In order to maintain the number of subjects and reduce 
loss to follow-up (patients who are referred to other clinical facilities), we decided to include 
subjects in their first psychiatric evaluation. Second, and extremely important for matching 
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purposes, in the initial analysis age and BMI play a significant role in our model, a finding 
that is minimized by the rational decision of including only patients with ages between 18 
and 40 years old, as patients at the onset of SMI. However both variables still range close to 
the statistical significance, as psychiatric disorders clinically differ at the age of onset and 
the number of patients included in some groups is quite small.
5. CONCLUSIONS
The results of the study provide further evidence for a specific pathway; an abnormal 
glucose homeostasis in SMI prior to the use of psychotropic medication, a finding described 
before such drugs were introduced (McIntyre et al., 2005). The fact that young treatment-
naïve patients, at early stages of their psychiatric condition, present already glycemic 
disturbances reflects a long-lasting, underlying process only detected due to the outbreak of 
a mental condition.
Acknowledgments
The authors thank the patients for its willingness and the Barcelona Clinic Schizophrenia Unit for its support.
Conflict of interest
C. Garcia Rizo has received honoraria/travel support from Janssen-Cilag, Lundbeck and Ferrer. E Fernandez-Egea 
has received unrestricted research funding from Genus Pharmaceuticals, and consultancy fees from Roche/
Genentech. C Oliveira has nothing to disclose. B Kirkpatrick has a financial relationship with ProPhase, LLC, for 
teaching and dissemination of the Brief Negative Symptom Scale; support by Walsh Medical Media for editorial 
work on Clinical Schizophrenia and Related Psychoses; payment by the Journal of Clinical Psychiatry for 
continuing education articles; and consulting with Genentech/Roche. M Bernardo has been a consultant for, 
received grant/research support and honoraria from, and been on the speakers/advisory board of ABBiotics, 
Adamed, AMGEN, Eli Lilly, Ferrer, Forum Pharmaceuticals, Gedeon, Janssen-Cilag, Lundbeck, Otsuka, Pfizer and 
Roche.
Funding
Funding for this study was provided by grant RO1 DK069265 - National Institute of Diabetes and Digestive and 
Kidney Diseases (Dr. Kirkpatrick), NARSAD (Dr. Fernandez-Egea) Instituto de Salud Carlos III, FEDER, Centro 
de Investigación Biomédica en Red de salud Mental, CIBERSAM, Government of Catalonia, Comissionat per 
Universitats i Recerca del Department d'Innovació, Universitats i Empresa (DIUE) (2014SGR441), FI-DGR-2013 
Contract of the Agència de Gestió d’Ajuts Universitaris i de Recerca, and by Esther Koplowitz Center-Barcelona 
(Dr. Bernardo).
REFERENCES
Allison DB, Casey DE. Antipsychotic-induced weight gain: a review of the literature. J Clin 
Psychiatry. 2001; 62(Suppl 7):22–31. [PubMed: 11346192] 
Altamura AC, Buoli M, Pozzoli S. Role of immunological factors in the pathophysiology and 
diagnosis of bipolar disorder: Comparison with schizophrenia. Psychiatry Clin Neurosci. 2013
Boyle MH, Miskovic V, Van Lieshout R, Duncan L, Schmidt LA, Hoult L, Paneth N, Saigal S. 
Psychopathology in young adults born at extremely low birth weight. Psychol. Med. 2011; 
41:1763–74. [PubMed: 21134317] 
Brown AS, Susser ES, Lin SP, Neugebauer R, Gorman JM. Increased risk of affective disorders in 
males after second trimester prenatal exposure to the Dutch hunger winter of 1944–45. Br J 
Psychiatry. 1995; 166:601–606. [PubMed: 7620744] 
Brown S, Birtwistle J, Roe L, Thompson C. The unhealthy lifestyle of people with schizophrenia. 
Psychol Med. 1999; 29:697–701. [PubMed: 10405091] 
Garcia-Rizo et al. Page 8













Calkin CV, Gardner DM, Ransom T, Alda M. The relationship between bipolar disorder and type 2 
diabetes: more than just co-morbid disorders. Ann Med. 2013; 45:171–181. [PubMed: 22621171] 
Carvalho LA, Urbanova L, Hamer M, Hackett RA, Lazzarino AI, Steptoe A. Blunted glucocorticoid 
and mineralocorticoid sensitivity to stress in people with diabetes. Psychoneuroendocrinology. 
2015; 51:209–18. [PubMed: 25462894] 
Charatan FBE, Bartlett NG. The Effect of Chlorpromazine (“Largactil”) on Glucose Tolerance. Br. J. 
Psychiatry. 1955; 101:351–353.
Druss BG, Zhao L, Von Esenwein S, Morrato EH, Marcus SC. Understanding excess mortality in 
persons with mental illness: 17-year follow up of a nationally representative US survey. Med Care. 
2011; 49:599–604. [PubMed: 21577183] 
Eaton WW, Martins SS, Nestadt G, Bienvenu OJ, Clarke D, Alexandre P. The burden of mental 
disorders. Epidemiol Rev. 2008; 30:1–14. [PubMed: 18806255] 
Edmondson D, Kronish IM, Shaffer JA, Falzon L, Burg MM. Posttraumatic stress disorder and risk for 
coronary heart disease: a meta-analytic review. Am Hear. J. 2013; 166:806–814.
Fernandez-Egea E, Bernardo M, Donner T, Conget I, Parellada E, Justicia A, Esmatjes E, Garcia-Rizo 
C, Kirkpatrick B. Metabolic profile of antipsychotic-naive individuals with non-affective 
psychosis. Br. J. Psychiatry. 2009a; 194:434–438. [PubMed: 19407273] 
Fernandez-Egea E, Bernardo M, Donner T, Conget I, Parellada E, Justicia A, Esmatjes E, Garcia-Rizo 
C, Kirkpatrick B. Metabolic profile of antipsychotic-naive individuals with non-affective 
psychosis. Br. J. Psychiatry. 2009b; 194:434–438. [PubMed: 19407273] 
Fernandez-Egea E, Garcia-Rizo C, Zimbron J, Kirkpatrick B. Diabetes or prediabetes in newly 
diagnosed patients with nonaffective psychosis? A historical and contemporary view. Schizophr 
Bull. 2013; 39:266–267. [PubMed: 23155184] 
Fernandez-Egea E, Miller B, Bernardo M, Donner T, Kirkpatrick B. Parental history of type 2 diabetes 
in patients with nonaffective psychosis. Schizophr Res. 2008; 98:302–306. 
doi:S0920-9964(07)00455-0 [pii]10.1016/j.schres.2007.10.002. [PubMed: 18031995] 
First M, Spitzer RL. Masson. Blanch J, Andreu I. SCID–I Structured Clinical Interview for the DSM–
IV Axis IDisorders [Spanish]. 1999
Folsom DP, Hawthorne W, Lindamer L, Gilmer T, Bailey A, Golshan S, Garcia P, Unützer J, Hough R, 
Jeste DV. Prevalence and risk factors for homelessness and utilization of mental health services 
among 10,340 patients with serious mental illness in a large public mental health system. Am. J. 
Psychiatry. 2005; 162:370–376. [PubMed: 15677603] 
Garcia-Rizo C, Fernandez-Egea E, Bernardo M, Kirkpatrick B. The thrifty psychiatric phenotype. Acta 
Psychiatr Scand. 2014a
Garcia-Rizo C, Fernandez-Egea E, Miller BJ, Oliveira C, Justicia A, Griffith JK, Heaphy CM, 
Bernardo, Kirkpatrick B. Abnormal glucose tolerance, white blood cell count, and telomere length 
in newly diagnosed, antidepressant-naïve patients with depression. Brain. Behav. Immun. 2012:5–
9.
Garcia-Rizo C, Fernandez-Egea E, Miller BJ, Oliveira C, Justicia A, Griffith JK, Heaphy CM, 
Bernardo M, Kirkpatrick B. Abnormal glucose tolerance, white blood cell count, and telomere 
length in newly diagnosed, antidepressant-naïve patients with depression. Brain. Behav. Immun. 
2013; 28:49–53. [PubMed: 23207109] 
Garcia-Rizo C, Kirkpatrick B, Fernandez-Egea E, Oliveira C, Meseguer A, Grande I, Undurraga J, 
Vieta E, Bernardo M. “Is bipolar disorder an endocrine condition?” Glucose abnormalities in 
bipolar disorder. Acta Psychiatr Scand. 2014b
Gluckman, PD.; Hanson, MA. Developmental origins of Health and Disease. New York: Cambridge 
University Press; 2006. 
Gluckman PD, Hanson MA, Cooper C, Thornburg KL. Effect of in utero and early-life conditions on 
adult health and disease. N Engl J Med. 2008; 359:61–73. [PubMed: 18596274] 
Gomez-Duran EL, Forti-Buratti MA, Gutierrez-Lopez B, Belmonte-Ibanez A, Martin-Fumado C. 
Psychiatric disorders in cases of completed suicide in a hospital area in Spain between 2007 and 
2010. Rev Psiquiatr Salud Ment. 2014 doi:S1888-9891(14)00038-X [pii]10.1016/j.rpsm.
2014.02.001. 
Garcia-Rizo et al. Page 9













Grande I, Magalhaes PV, Kunz M, Vieta E, Kapczinski F. Mediators of allostasis and systemic toxicity 
in bipolar disorder. Physiol Behav. 2012; 106:46–50. [PubMed: 22079584] 
Hales CN, Barker DJ. Type 2 (non-insulin-dependent) diabetes mellitus: the thrifty phenotype 
hypothesis. Diabetologia. 1992; 35:595–601. [PubMed: 1644236] 
Harley M, Kelleher I, Clarke M, Lynch F, Arseneault L, Connor D, Fitzpatrick C, Cannon M. Cannabis 
use and childhood trauma interact additively to increase the risk of psychotic symptoms in 
adolescence. Psychol Med. 2010; 40:1627–1634. [PubMed: 19995476] 
Herva A, Räsänen P, Miettunen J, Timonen M, Läksy K, Veijola J, Laitinen J, Ruokonen A, Joukamaa 
M. Co-occurrence of metabolic syndrome with depression and anxiety in young adults: the 
Northern Finland 1966 Birth Cohort Study. Psychosom. Med. 2006; 68:213–216. [PubMed: 
16554385] 
Hildrum B, Mykletun A, Midthjell K, Ismail K, Dahl AA. No association of depression and anxiety 
with the metabolic syndrome: the Norwegian HUNT study. Acta Psychiatr. Scand. 2009; 120:14–
22. [PubMed: 19120047] 
Kato K, Otsuka T, Kobayashi N, Kon Y, Kawada T. Two-hour post-load plasma glucose levels are 
associated with carotid intima-media thickness in subjects with normal glucose tolerance. Diabet 
Med. 2014; 31:76–83. [PubMed: 23869981] 
Kempf K, Rathmann W, Herder C. Impaired glucose regulation and type 2 diabetes in children and 
adolescents. Diabetes. Metab. Res. Rev. 2008; 24:427–37. [PubMed: 18551709] 
Kirkpatrick B, Messias E, Harvey PD, Fernandez-Egea E, Bowie CR. Is schizophrenia a syndrome of 
accelerated aging? Schizophr Bull. 2008; 34:1024–1032. doi:sbm140 [pii]10.1093/schbul/sbm140. 
[PubMed: 18156637] 
Kirkpatrick B, Miller BJ, Garcia-Rizo C, Fernandez-Egea E, Bernardo M. Is abnormal glucose 
tolerance in antipsychotic-naïve patients with nonaffective psychosis confounded by poor health 
habits? Schizophr. Bull. 2012; 38:280–284.
Ko C-Y, Liu Y-P. Isolation rearing impaired sensorimotor gating but increased proinflammatory 
cytokines and disrupted metabolic parameters in both sexes of rats. Psychoneuroendocrinology. 
2015; 55:173–183. [PubMed: 25770703] 
Laursen TM, Munk-Olsen T, Nordentoft M, Mortensen PB. Increased mortality among patients 
admitted with major psychiatric disorders: a register-based study comparing mortality in unipolar 
depressive disorder, bipolar affective disorder, schizoaffective disorder, and schizophrenia. J Clin 
Psychiatry. 2007; 68:899–907. [PubMed: 17592915] 
Laursen TM, Nordentoft M, Mortensen PB. Excess early mortality in schizophrenia. Annu Rev Clin 
Psychol. 2013; 10:425–448. [PubMed: 24313570] 
Leigh H. A proposal for a new multiaxial model of psychiatric diagnosis. A continuum-based patient 
model derived from evolutionary developmental gene-environment interaction. Psychopathology. 
2009; 42:1–10. [PubMed: 19023229] 
Maudsley H. The pathology of mind: being the 3rd ed. of the second part of the “Physiology and 
pathology of mind”, recast, enl., and rewritten. 1880
McIntyre RS, Mancini DA, Pearce MM, Silverstone P, Chue P, Misener VL, Konarski JZ. Mood and 
Psychotic Disorders and Type 2 Diabetes: A Metabolic Triad. Can. J. Diabetes. 2005; 29:122–132.
Meyer C, Pimenta W, Woerle HJ, Van Haeften T, Szoke E, Mitrakou A, Gerich J. Different 
mechanisms for impaired fasting glucose and impaired postprandial glucose tolerance in humans. 
Diabetes Care. 2006; 29:1909–1914. doi:29/8/1909 [pii]10.2337/dc06-0438. [PubMed: 16873801] 
Miller-Archie SA, Jordan HT, Ruff RR, Chamany S, Cone JE, Brackbill RM, Kong J, Ortega F, 
Stellman SD. Posttraumatic stress disorder and new-onset diabetes among adult survivors of the 
World Trade Center disaster. Prev Med. 2014; 66C:34–38. doi:S0091-7435(14)00182-0 
[pii]10.1016/j.ypmed.2014.05.016. [PubMed: 24879890] 
Mitchell AJ, Vancampfort D, De Herdt A, Yu W, De Hert M. Is the prevalence of metabolic syndrome 
and metabolic abnormalities increased in early schizophrenia? A comparative meta-analysis of 
first episode, untreated and treated patients. Schizophr Bull. 2013; 39:295–305. [PubMed: 
22927670] 
Ning F, Zhang L, Dekker JM, Onat A, Stehouwer CD, Yudkin JS, Laatikainen T, Tuomilehto J, 
Pyorala K, Qiao Q. Development of coronary heart disease and ischemic stroke in relation to 
Garcia-Rizo et al. Page 10













fasting and 2-hour plasma glucose levels in the normal range. Cardiovasc Diabetol. 2012; 11:76. 
doi:1475-2840-11-76 [pii]10.1186/1475-2840-11-76. [PubMed: 22731255] 
Nordentoft M, Wahlbeck K, Hallgren J, Westman J, Osby U, Alinaghizadeh H, Gissler M, Laursen 
TM. Excess mortality, causes of death and life expectancy in 270,770 patients with recent onset of 
mental disorders in Denmark, Finland and Sweden. PLoS One. 2013; 8:e55176. [PubMed: 
23372832] 
Nugent KL, Chiappelli J, Rowland LM, Hong LE. Cumulative stress pathophysiology in schizophrenia 
as indexed by allostatic load. Psychoneuroendocrinology. 2015; 60:120–129. [PubMed: 26142568] 
Pacheco-Lopez G, Giovanoli S, Langhans W, Meyer U. Priming of metabolic dysfunctions by prenatal 
immune activation in mice: relevance to schizophrenia. Schizophr Bull. 2011; 39:319–329. 
doi:sbr178 [pii]10.1093/schbul/sbr178. [PubMed: 22186136] 
Reynolds RM, Labad J, Buss C, Ghaemmaghami P, Räikkönen K. Transmitting biological effects of 
stress in utero: implications for mother and offspring. Psychoneuroendocrinology. 2013; 38:1843–
1849. [PubMed: 23810315] 
Rizzo LB, Costa LG, Mansur RB, Swardfager W, Belangero SI, Grassi-Oliveira R, McIntyre RS, 
Bauer ME, Brietzke E. The theory of bipolar disorder as an illness of accelerated aging: 
Implications for clinical care and research. Neurosci Biobehav Rev. 2014 
doi:S0149-7634(14)00024-4 [pii]10.1016/j.neubiorev.2014.02.004. 
Roy T, Lloyd CE. Epidemiology of depression and diabetes: a systematic review. J Affect Disord. 
2012; 142(Suppl):S8–S21. [PubMed: 23062861] 
Ryan MC, Collins P, Thakore JH. Impaired fasting glucose tolerance in first-episode, drug-naive 
patients with schizophrenia. Am J Psychiatry. 2003; 160:284–289. [PubMed: 12562574] 
Saddichha S, Manjunatha N, Ameen S, Akhtar S. Diabetes and schizophrenia - effect of disease or 
drug? Results from a randomized, double-blind, controlled prospective study in first-episode 
schizophrenia. Acta Psychiatr. Scand. 2008; 117:342–347. [PubMed: 18307585] 
Salvatore P, Baldessarini RJ, Tohen M, Khalsa HM, Sanchez-Toledo JP, Zarate CA Jr, Vieta E, 
Maggini C. McLean-Harvard International First-Episode Project: two-year stability of DSM-IV 
diagnoses in 500 first-episode psychotic disorder patients. J Clin Psychiatry. 2009; 70:458–466. 
doi:ej08m04227 [pii]. [PubMed: 19200422] 
Spelman LM, Walsh PI, Sharifi N, Collins P, Thakore JH. Impaired glucose tolerance in first-episode 
drug-naive patients with schizophrenia. Diabet Med. 2007; 24:481–485. doi:DME2092 
[pii]10.1111/j.1464-5491.2007.02092.x. [PubMed: 17381506] 
Susser E, St Clair D. Prenatal famine and adult mental illness: Interpreting concordant and discordant 
results from the Dutch and Chinese Famines. Soc Sci Med. 2013 doi:S0277-9536(13)00152-4 
[pii]10.1016/j.socscimed.2013.02.049. 
Whincup PH, Kaye SJ, Owen CG, Huxley R, Cook DG, Anazawa S, Barrett-Connor E, Bhargava SK, 
Birgisdottir BE, Carlsson S, de Rooij SR, Dyck RF, Eriksson JG, Falkner B, Fall C, Forsén T, Grill 
V, Gudnason V, Hulman S, Hyppönen E, Jeffreys M, Lawlor DA, Leon DA, Minami J, Mishra G, 
Osmond C, Power C, Rich-Edwards JW, Roseboom TJ, Sachdev HS, Syddall H, Thorsdottir I, 
Vanhala M, Wadsworth M, Yarbrough DE. Birth weight and risk of type 2 diabetes: a systematic 
review. JAMA. 2008; 300:2886–2897. [PubMed: 19109117] 
Wilkinson PO, Goodyer IM. Childhood adversity and allostatic overload of the hypothalamic-pituitary-
adrenal axis: a vulnerability model for depressive disorders. Dev Psychopathol. 2011; 23:1017–
1037. [PubMed: 22018079] 
Willis, T. A Medical Odyssey. Tuckahoe. New York: 1971. 
Wolkowitz OM, Reus VI, Mellon SH. Of sound mind and body: depression, disease, and accelerated 
aging. Dialogues Clin Neurosci. 2011; 13:25–39. [PubMed: 21485744] 
Garcia-Rizo et al. Page 11














• Patients with serious mental illnesses present an abnormal glycemic state at 
onset
• A pre-diabetic state might explain the increased morbidity and mortality over 
time
• A theoretical explanation relies on the high prevalence of obstetric 
complications
• Early life stressful events would predict metabolic disturbances ongoing at onset
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Mean fasting and two hour glucose value of the sample (mg/dL)
For interpretation of the references to color in this figure legend, the reader is referred to the 
web version of the article
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